Background: 25 (OH) vitamin D3 (25(OH)D) and parathyroid hormone (PTH) are important regulators of calcium homeostasis. The aim of this study was to retrospectively determine the cut-off for sufficient 25(OH)D in a four-season region and the influence of age, seasons, and gender on serum 25(OH)D and PTH levels. Methods: Laboratory results of 9890 female and 2723 male individuals aged 38.8±22.1 years who had simultaneous measurements of 25(OH)D and PTH were retrospectively analyzed by statistical softwares. Serum 25(OH)D and PTH levels were measured by a mass spectrometry method and by an electrochemiluminescence immunoassay, respectively. Results: Mean serum 25(OH)D levels showed a sinusoidal fluctuation throughout the year and were significantly (p<0.01) higher in summer and autumn. On the other hand, PTH levels were significantly higher (p<0.01) in women and showed an opposite response to seasonal effects relative to 25(OH)D. Lowest levels of 25(OH)D were detected in people aged between 20 and 40 years whereas PTH hormone levels were gradually increasing in response to aging. The significant exponential inverse relationship that was found between PTH and 25(OH)D (PTH=exp(4.12-0.064*sqrt(25(OH)D)) (r=-0.325, Rsquared=0.105, p<0.001)) suggested that the cut-off for sufficient 25(OH)D should be 75 nmol/L. Conclusions: Our retrospective study based on large data set supports the suitability of the currently accepted clinical cut-off of 75 nmol/L for sufficient 25(OH)D. However, the
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Vitamin D 2 (ergocalciferol) and Vitamin D 3 (cholecalciferol) are the most common forms of Vitamin D. Vitamin D 3 is synthesized from 7-dehydrocholesterol in the skin upon sun exposure. This inactive form of Vitamin D 3 is then converted to the prohormone form -25(OH)D in the liver. The biologically active form, which is 1,25(OH)D3, is then produced from 25(OH)D in the kidney and serves a regulatory hormone role in the body. Therefore, 25(OH)D is the primary metabolite of Vitamin D in blood circulation which is commonly used to reflect vitamin D status (9 (11) (12) (13) (14) (15) . On the other hand, there are significant problems in methodology, such as the reference interval calculations cannot be made through classical methods (16, 17) . Therefore, there is still no consensus in regards to determining the clinical decision levels for Vitamin D deficiency and, instead, the guidelines report recommended levels for health (18) (19) (20) (21) (22) (23) (24) .
Vitamin D and PTH have a well-known inverse relationship, such that Vitamin D insufficiency causes an increase in serum PTH (19) (20) (21) (25) (26) (27) (28) (29) . For example, Hollick et al. (21) reported a significant inverse correlation between serum PTH and 25(OH)D levels in post-menopausal North American women. In another study, it was shown that subjects who were placed on Vitamin D therapy had an overall decrease (∼20%) in their serum PTH concentrations (19) .
Knowledge innovation from databases using data mining techniques is an invaluable methodology for extracting patterns from large data sets and comprehending the knowledge retained within these patterns (30, 31) . This knowledge discovery process has several distinct steps or sub-processes that begin with data collection which is then followed by data refining, aggregation, and combination. After these steps, the data is ready to be utilized for data imagining followed by data mining. Sub-processes in the data mining procedure are iterative rather than being consecutive (i.e. movement from data imagining back to data refining if abnormalities are discovered in the data set) (32) . Overall, data mining techniques provide a very effective way of retrospective laboratory data analysis to discover patterns otherwise unknown (15, 30, 31, 33) .
In the present study, we employed data mining techniques to analyze the changes in 25(OH)D levels and PTH further by gender and season based on retrospective data obtained using the tandem mass spectrometry technique, which is currently accepted as the most stable method for measurements. Our analysis, based on one of the largest data sets obtained in the Eastern Europe region, deciphered the seasonal patterns of 25(OH)D and PTH levels as well as their dependence on gender and age. Additionally, use of the 75 nmol/L clinical decision threshold level for 25(OH)D was also supported by our retrospective study.
Material and Methods
The study included the results of 13026 individuals who had simultaneous measurements of serum 25 Intact PTH concentrations were determined by an electrochemiluminescence immunoassay with an Elecsys analyzer (Roche Diagnostics, Mannheim, Germany). For intact PTH, values greater than 200 pg/mL were excluded because these values correspond to three-fold higher than the upper reference limit indicating the presence of primary hyper-parathyroidism (15).
Analyse-it for Microsoft Excel 4.0 (Analyse-it Software, Ltd. Leeds, UK), Statgraphics Centurion XVI (Statpoint Technologies, Inc. Warrenton, Virgi nia, USA), Minitab 16 (Minitab Inc, PA, USA), and IBM SPSS Statistics 23 (IBM Ltd, USA) were used for statistical analyses in the study. The data were analyzed by independent sample t test, One-Way ANOVA and Tukey's post hoc test and regression analysis. The significance level of p was set to <0.01 throughout the analysis.
Results
Analysis of seasonal changes in 25(OH)D and PTH hormone levels revealed a sinusoidal pattern where the 25(OH)D values increased starting in June, reaching a peak level in September, and then decreased to baseline levels by December ( Figure  1A) . It is important to note that there was a two-fold difference in the median 25(OH)D values between the months with the lowest (35.8 nmol/L, 95% CI 33.8-38.8, in March) and the highest (69.3 nmol/L, 95% CI 66.5-72.0, in September) levels as shown in Table I . On the other hand, seasonal changes in PTH levels showed a limited inverse sinusoidal pattern ( Figure 1B) When gender and seasonal changes were considered (Figure 2) , it was found that women had higher (p<0.001) PTH levels than men throughout the whole year. In addition, there was no statistical difference (p>0.01) in 25(OH)D levels in men and women while there were statistically significant (p<0.001 with ANOVA test) seasonal highs and lows in both genders. 25(OH)D levels were maximal (p<0.001) between July and October in comparison to the rest of the months in a year ( Figure 2) .
Next, the age dependence of 25(OH)D and PTH levels was examined (Figure 3) . Perhaps not surprisingly, the highest levels of 25(OH)D were observed during the first decade (71 nmol/L, 95% CI 68.8-73), which is possibly due to vitamin D replacement during the childhood period. Moreover, there was a significant decrease in 25(OH)D between ages 10-40 ( Figure 3) . In later age groups, the mean values of 25(OH)D were increasingly higher ( Figure 3) .
We also analyzed the seasonal, gender, and age effects on relative deficiencies or insufficiencies in 25(OH)D levels. In particular, about 80% of people (severe deficiency in 35%) had 25(OH)D lower than 75 nmol/L between February and May ( Figure 4A and Table I ). The percentage of people with low 25(OH)D (<75 nmol/L) levels dropped to 58% during the summer months (severe deficiency in 8%) ( Figure 4A and Table I ). When the effect of age on 25(OH)D deficiencies was analyzed, 25(OH)D deficiency was seen in 83% of the cases (<75 nmol/L) (severe deficiency in 35% (<25 nmol/L)) ( Figure 4B , Table I ). The highest prevalence of 25(OH)D deficiency was seen between ages 20 and 30 ( Figure 4B , Table I ). In addition, a review of the entire group by gender revealed that only 27% of the population had adequate 25(OH)D levels regardless of season and age (Table I) .
Lastly, our analysis showed an inverse signifi cant correlation between PTH and 25(OH)D levels (r=-0.277, p<0.001), which is supported by other experimental studies in literature (4, 20, (26) (27) (28) (29) . However, we performed other regression analyses and determined that the highest correlation was bet ween log PTH and the minus square root of 25(OH)D. In the linear regression model, the formula was as follows: PTH=51.5-0.133*25(OH)D (r=-0.277, R-squared =0.076, p<0.001) while this was PTH=exp (4.12-0.064*sqrt(25(OH)D)) (r=-0.325, R-squared =0.105 p<0.001) in the current regression analysis.
We observed that PTH levels showed a steeper increase when 25(OH)D levels were below 75 nmol/L. Moreover, PTH levels were at 35 ng/mL when 25(OH)D levels were at 75 nmol/L ( Figure 5 ). (19) . Additionally, Chapuy et al. (20) and Holick et al. (21) reported the most optimal 25(OH)D levels to be between 75-77.5 nmol/L based on PTH hormone levels which tended to show a steep increase above optimal 25(OH)D levels chosen. A cross-sectional study by Bischoff-Ferrari et al. (24) on 4100 elder individuals suggested that a 100 nmol/L level was adequate for minimum musculoskeletal functions. In our analysis, PTH levels reach a stable plateau above 25(OH)D levels of 75 nmol/L suggesting this value to be the clinical decision threshold for 25(OH)D ( Figure  5 ). This finding is a reconfirmation of the clinical decision threshold level that others found previously (20, 21) using a much larger retrospective data set.
One of the most interesting findings of this study is the examination of seasonal and age de pendence of PTH levels. The progressive increase in PTH due to aging was expected as previously seen (37) but these levels were statistically higher in women relative to men throughout all the seasons. It is possible that women spend less time outside compared to men in Turkey, which would indicate reduced sun exposure and, therefore, reduced Vitamin D synthesis. The latter may result in increased levels of PTH. However, the observed difference in PTH levels may also arise from reproductive hormones playing a role in PTH metabolism (38, 39) . It would be important to study the effect of androgen and estrogen on PTH levels in the future.
Also, the higher levels of 25(OH)D above 40 years old relative to the 10-40-year old group are rather unexpected. However, it is possible that this older age group is receiving replacement therapy in Turkey. It is also possible that the hormonal changes above this age are playing a role in the observed results (38, 39) . Further analysis is required to understand the mechanism underlying this observation.
25(OH)D deficiency has previously been detected at different rates depending upon societies, geographical location, and traditions. In addition, other variations in the levels of 25(OH)D have been observed due to methodological differences in measurements and the seasonal effects on the measurements (40) . A previous review of Vitamin D deficiency in Turkey showed a rather wide severe deficiency rate which spans an interval of 8 to 84% (22) . In our study, severe deficiency was found in 25% of the cases (<25 nmol/L) and deficiency in 75% of the cases (<75 nmol/L). The present study brought together the largest data set ever collected in the region which experiences four seasons.
Recently, Kroll et al. (15) performed one of the largest data mining studies to investigate seasonal and latitude effects on 25(OH)D and PTH hormones using 3.8 million laboratory results (Quest Diagnostics) of American adults. Based on samples taken from people residing in different regions of the country, both PTH and 25(OH)D levels showed a remark- (Tukey Test) *PTH levels were statistically higher in women relative to men throughout all the seasons able seasonal variation that showed a sinusoidal pattern (15) . Similar to our results that represent Turkey, these sinusoidal patterns were inverted between PTH and 25(OH)D. Moreover, the response of PTH to seasonal variations was about 10% in both Kroll et al. (15) and our study. However, the response of 25(OH)D to seasonal variations was about 30% in the US population while this was found to be 50% in our population. This difference may be the result of higher mean levels of 25(OH)D in the US population because of higher consumption of Vitamin D fortified milk and its products relative to our region.
Bolland et al. (41) found that the seasonal changes in 25(OH)D levels in New Zealand were at such rates that might impair clinical diagnosis. The authors urged the clinicians to treat the results with caution during the deficiency assessment process. Their recommended Vitamin D levels to assess deficiency were 75 nmol/L and 50 nmol/L for the summer and winter months, respectively (23, 41) . In our study, we also found high rates of change, at approximate levels of 50-80%, in Vitamin D levels. In addition, the results obtained in New Zealand were a mirror image of our study, where the highest levels of 25(OH)D were measured between February and April and the lowest levels of 25(OH)D were measured between August and September. Therefore, the results from both studies highlight the influence of summer and winter months on adjustment of Vitamin D levels. Another population based study (14) analyzed a total of 7,449 adult samples and recommended a realistic 25(H)D level determination through a formulation that took into consideration vitamin use, gender, BMI, and seasonal changes. Our results also emphasize the need for such studies to be conducted at the regional level and the findings implemented in new formulations to define the deficiency according to seasonal changes.
The present study has some limitations and one of them is the lack of demographic information on the individuals (BMI, level of income, vitamin drug use, and other diseases, etc.) whose test results were used. The second one is the number of male and female individuals is different (9890 female and 2723 male). Despite this fact, the number of male subjects is high enough for acceptable statistical evaluations. Nevertheless, the present study is valuable on the grounds that it was based on retrospective data employed from the largest study group ever in the Eastern Europe region in a country which experiences four seasons.
In conclusion, based on our analysis of the effects of age, gender, and seasons on 25(OH)D and PTH levels, we suggest that the determination of age dependent and winter values alone is not adequate for assessment of 25(OH)D levels since all these factors can possibly impair the clinical diagnosis. Therefore, as for the monthly reference intervals, each center may need to optimize their values examining the retrospectively determined data and PTH levels and the changes brought by factors such as age and seasons.
